are two of the most widely spread plants on the market for annual potted ornamental plants. In order to identify the most adequate substrate formula we analyzed the effects of different potting growing media used for P. hybrida grandiflora 'Bravo' and N. alata 'Dinamo' on their photosynthetic capacity, leaf area, and flowering potential. Optimization of growing media formula for petunia and ornamental tobacco was performed by preparing four growing media mixing fallow soil (FS), Biolan peat (BP), acid peat (AP), leaf compost (C), and perlite (P) in different proportions. The physiological potential of petunia and ornamental tobacco was investigated by photosynthesis and respiration rate and chlorophyll pigments in leaves, while the vegetative and flowering phenological stages were evaluated by number of leaves per plant, leaf area, number of flowers per plant and leaf area/flowers ratio. These measurements were significantly influenced by the different potting growing media used in this study. In the flowering stage, the highest photosynthesis rates (8.612 µmol CO2 m -2 s -1 ) as well as leaf area (1.766 dm 2 ) of petunias were obtained on growing media with 60% biolan peat, 30% acid peat and 10% perlite (BP60-AP30-P10). Flowering responses to growing conditions vary greatly among plants and the biggest number of ornamental tobacco flowers (22 flowers plant -1 ) was registered as an effect of BP60-AP30-P10 media. Growing media with the BP60-AP30-P10 formula seem to be the most adequate growth substrate to develop profitable crops for petunias and ornamental tobacco with high decorative value.
INTRODUCTION
In recent years, in Romania, Petunia grandiflora Juss. and Nicotiana alata Link & Otto have become popular annual bedding ornamental plants and economically profitable potted plants cultivated in different growth substrates in greenhouses. Petunias belong to the Solanaceae family and are used in landscape, private garden, and building decoration (Dole and Wilkins, 2004; Arancon et al., 2008; Francescangeli and Zagabria, 2008; Xu et al., 2010) , pharmaceutical and cosmetics industry, and phytoremediation (Watharkar et al., 2013) . Nicotiana alata (ornamental tobacco) has a good potential for commercial horticulture and is also used in pharmacy or to provide antifungal substances for pathogens control (Gaspar et al., 2014) . In Romania the demand for annual ornamental plants is increasing.
Numerous studies in petunia species have been described previously. Warner (2010) documented in a greenhouse the influence of temperature and photoperiod on flowering and morphology of petunias. Gerats and Vandenbussche (2005) noted that petunias are often used for physiological studies because these annual plants are characterized by a short life cycle, color diversity, compact plant size, and relatively easy growth. Flowering capacity of petunia plants can be influenced by breeding and cultivation technology (Nishijima et al., 2006) . Zhanga et al. (2012) reported that the optimization of nutrient uptake and the influence of environmental factors are necessary to apply efficient cultural management for plant growth and development of petunia production. Growers typically use peat, perlite, vermiculite, sand, fallow land, and various organic and inorganic composted materials to prepare nutritious mixtures for floricultural plant production. Currently, in the entire world, different composting technologies are used for plant production; these are based on several types of wastes such as: municipal organic waste, sewage sludge, agricultural waste, animal manures, and some sorts of industrial waste (Castaldi et al., 2005; Tognetti et al., 2007; Hernández et al., 2010; Ntoulas et al., 2011) . Humic acids are one of the natural organic compounds from the soil or composted materials which are included in growth substrates to increase substrate fertility, growth and yield for horticultural crops (Atiyeh et al., 2002; Arancon et al., 2006; Campitelli and Ceppi, 2008; Ahmad et al., 2013) . Arancon et al. (2008) studied the effects of different substitution rates for three types of vermicomposts (produced from cattle manure, food waste, and paper waste) on the germination, growth, and flowering of petunias in a soilless growth medium. Soilless growing media preparation from different organic materials and waste components is promoted as an alternative to agricultural land and as a way to eliminate the environmental impact of wastes (Garcia-Gomez et al., 2002; Di Benedetto et al., 2006; Civeira, 2010) .
The production of potted ornamental plants is greatly influenced especially by growth medium components prepared in different proportions. The majority of ornamental plants are cultivated in greenhouses in growth substrates which usually contain different types of peat and perlite.
The purpose of this study was to evaluate the effect of some organic growth components used in commercial potting substrates for two popular ornamental plants: Petunia grandiflora and Nicotiana alata. In this paper we performed a comparative analysis of the influence of peat, leaf compost, perlite, and fallow land prepared in different proportions and compositions on plant growth and development. The current study aimed to explain the effect of growing media on these aspects by analyzing some physiological parameters, leaf area, and flowering potential of P. grandiflora and N. alata. In this experiment we optimized the growth substrate composition of P. grandiflora and N. alata in order to provide good agricultural practices to ornamental plant producers.
MATERIALS AND METHODS

Plant material and culture conditions
The study was conducted at the laboratories and greenhouse of the University of Pitesti, Pitesti, Romania. The plant material tested and evaluated in this research were two annual Solanaceae ornamental potted plants: Petunia grandiflora Juss. 'Bravo' and Nicotiana alata Link & Otto 'Dinamo'. The cultivars were selected from the potted plants on the Romanian flower market, based on their popularity, availability, ornamental value, and commercial profitability. The chosen cultivars are characterized by flowering precocity, relatively compact size, uniformity and diversity of flower color, and abundance of flowers.
Several types of organic or inorganic materials such as biolan peat, acid peat, leaf compost, perlite, and fallow soil were evaluated as growing media components for ornamental plants. It is important to select an adequate growing medium to provide an essential tool for managing ornamental potted plants. Four growth substrates were prepared by mixing these growing media components in different proportions: 100% fallow soil (FS100); 30% biolan peat + 60% acid peat + 10% perlite (BP30-AP60-P10); 60% biolan peat + 30% acid peat + 10% perlite (BP60-AP30-P10); and 33% biolan peat + 33% leaf compost + 33% perlite (BP33-C33-P33).
Leaf compost is an organic product with a pH around 7 prepared by fermentation of plant debris from gardens and deciduous forests. Acid peat (Klasmann Baltica, Klasmann-Deilmann GmbH, Geeste, Germany) has a pH around 4.2 and biolan peat is a natural resource usually with a pH around 6 (Biolan Oy, Kauttua, Finland). In Romania, fallow soil is often used as a component for growth substrates in horticulture and it is obtained from the top layer of soil on fallow land with perennial grasses. In order to stimulate rooting system development of each plant in the growth medium, the fertilizer Osmocote Exact (The Scotts Company Ltd., Godalming, Surrey, UK) was added when planting cuttings. Cuttings from selected cultivars were planted in plastic pots (1 plant pot -1 ) with a diameter of 12 cm. The growing temperature in the greenhouse was 24 ± 2 °C. In this study we used leaf compost and fallow soil from private household, while acid peat and biolan peat are natural recourses provided by Klasmann-Deilmann and Biolan companies. In a factorial experimental design four horticultural growing media containing peat, leaf compost, perlite, and fallow land in different proportions and compositions were considered as treatments. The experiment was set according to a randomized complete block design with four treatments and five replicates, and a pot was the experimental unit for a total of 20 units for each studied species. Each replication consisted of one plant per pot.
Measurements
Photosynthetic capacity is an important indicator that explains the physiological activity of plants and the potential for vegetative development. As regards the assessment of the growth medium influence on plant physiological activity, we determined the effect of photosynthesis (µmol CO2 m -2 s -1 ) and the respiration rate (µmol CO2 m -2 s -1 ) in leaves, the content of chlorophyll a (Chl a, mg g -1 ) and chlorophyll b (Chl b, mg g -1 ), the Chl a/Chl b ratio in leaves, total leaf chlorophyll content (mg g -1 ), carotenoids (Car, mg g -1 ), and the Chla+b/Car ratio in leaves.
Leaf gas exchange parameters were measured with a portable plant CO2 analysis package (S151 Infrared CO2 analyzer, Qubit Biology Inc., Ontario, Canada). Photosynthesis was measured in attached leaves maintained in an assimilation chamber. The CO2 concentration was measured with an infrared gas analyzer (IRGA). The difference between the initial CO2 concentration in the air and that in the air of the leaf chamber is used to measure the rate of photosynthesis. During testing, photosynthetic photon flux density (PPFD) was 1800 μmol m -2 s -1 , air temperature was 24 ± 2 °С, and ambient relative humidity was between 60% and 65%. Photosynthesis and respiration rates were expressed as µmol CO2 m -2 s -1 . Leaves were collected in early morning, and transported in an ice box to the laboratory for later determinations of assimilatory pigments content. Photosynthetic pigments were extracted in 80% acetone. Absorbance at 662, 646, and 440.5 nm was determined using a BOECO S-20VIS spectrophotometer (Boeckel & Co, Hamburg, Germany). The amounts of chlorophyll and carotenoid pigments were calculated using Holm's formulas (Holm, 1954) :
Chl a = 9.78 A662 -0.99 A644 Chl b = 21.4 A644 -4.65 A662 Car = 4.69 A440.5 -0.267 (Chl a + Chl b) The total chlorophyll content was calculated as the sum of Chl a and Chl b. The results are obtained as mg pigments g -1 FW. The effect of the growth substrates was also evaluated by counting number of leaves per each plant. The measurements for photosynthetic capacity, number of leaves, and leaf area were calculated at two major phenophases of plant life-cycle according to the BBCH scale (Meier, 2001) : leafing stage and flowering stage. The influence of growth substrates on flowering potential was analyzed by counting number of flowers per plant and leaf area/flowers ratio. The measurements in the growth stage were made 4 wk after planting while measurements in the flowering stage were recorded when plants gained ornamental value for selling, 12 wk after planting.
Statistical analysis
A statistical analysis was performed using the ANOVA in the SPSS 16.0 software (IBM Corporation, Armonk, New York, USA) and means were compared using Duncan's multiple range tests at 5% level. The results of this study are expressed as mean.
RESULTS
The results of the analysis regarding the effects produced by the growth substrates of 'Bravo' and 'Dinamo' on photosynthesis and respiration rate are presented in Table 1 . Petunias and ornamental tobacco grown in media with 100% fallow soil had the lowest respiration and photosynthesis rates for both leafing and flowering stages. The respiration and photosynthesis rates for both petunias and ornamental tobacco were greatly influenced by the growth substrate with the BP60-AP30-P10 formula. No significant differences regarding the respiration rate of petunias were found between the BP60-AP30-P10 and BP33-C33-P33 media in the flowering stage. The photosynthesis process in the flowering stage for 'Dinamo' showed significant differences between all growth media (Table 1) .
Growth substrates used for P. grandiflora 'Bravo' and N. alata 'Dinamo' did not show significant differences in terms of Chl a and Chl b content between the BP30-AP60-P10, BP60-AP30-P10, and BP33-C33-P33 media ( Table 2 ). The chlorophyll content increased with increasing amount of biolan peat and was negatively influenced by FS100 media. In this study, for both ornamental species, the content of chlorophyll a and b was higher in the flowering stage of the plants. The Chl a/Chl b ratio in leaves of petunias was enhanced by the medium containing FS100, while the Chl a/Chl b ratio in ornamental tobacco showed higher values in growth media with different proportions of peat ( Table 2) .
The growth substrates used in this study had a higher effect at flowering stage than leafing stage for total leaf chlorophyll content for both petunia and ornamental tobacco plants ( Regarding the influence of growth media on carotenoid pigments in the studied species, there were no significant differences between applying BP30-AP60-P10 medium and BP33-C33-P33 medium, but we found significant differences between BP60-AP30-P10 media and all other culture media. The Chla+b/Car ratio measured in leaves of P. grandiflora 'Bravo' and N. alata 'Dinamo' was higher in the medium FS100; the rate of this indicator was reduced by the presence of the BP60-AP30-P10 medium (Table 3) .
The maximum vegetative growth potential showed by number of leaves per plant and leaf area was found in plants grown in media BP60-AP30-P10 (Table 4) . Petunia grandiflora had the lowest number of leaves and leaf area in growth substrates with fallow soil while the BP60-AP30-P10 medium had the biggest effect. In petunias, no significant differences were found in terms of leaf area in the flowering stages between the BP60-AP30-P10 and BP33-C33-P33 media, while significant differences were showed between the BP30-AP60-P10 and FS100 media (Table 4 ). The ornamental tobacco plant cultured in the BP60-AP30-P10 medium had a higher foliar area, while the lowest foliar area was induced by the medium with fallow soil. Significant differences in leaf area were found between the FS100 and BP30-AP60-P10 at flowering stage of N. alata. The bigger number of leaves is directly correlated with the leaf area of petunia and ornamental tobacco in all culture substrates (Table 4) .
The BP60-AP30-P10 and BP33-C33-P33 substrates were the most adequate for formation of flowers; growth substrates for P. grandiflora 'Bravo' did not show significant differences in number of flowers per plant between the BP30-AP60-P10, BP60-AP30-P10 and BP33-C33-P33 media, while for N. alata we did not find significant differences between BP30-AP60-P10 and BP33-C33-P33 media (Table 5) .
Leaf area/flowers ratio is an important tool that can characterize the ornamental value and the flowering potential according to the foliar surface of the plant. Analyzing the leaf area/flowers ratio, in this study we observed significant differences between the FS100, BP30-AP60-P10, and BP33-C33-P33 media in the case of P. grandiflora 'Bravo'. Petunia grandiflora 'Bravo' registered the highest value of leaf area/flowers ratio in the BP33-C33-P33 growing medium and the lowest value in the FS100 growth substrates. Growth substrates with 30% or 60% peat proportion for P. grandiflora 'Bravo' did not show significant differences. The higher value of leaf area/flowers ratio was induced by plants of N. alata cultured in FS100 media, while the lower value of leaf Table 3 . Effect of growth substrate on total leaf chlorophyll content, carotenoids (Car), and Chla+b/Car ratio in the leaves of Petunia grandiflora 'Bravo' and Nicotiana alata 'Dinamo'.
Cultivars
Mean values followed by the same letter are not significantly different according to Duncan's multiple range test (P < 0.05). FS100: 100% fallow soil; BP30-AP60-P10: 30% biolan peat + 60% acid peat + 10% perlite; BP60-AP30-P10: 60% biolan peat + 30% acid peat + 10% perlite; and BP33-C33-P33: 33% biolan peat + 33% leaf compost + 33% perlite. Table 4 . Effect of growth substrate on number of leaves per plant and leaf area of Petunia grandiflora 'Bravo' and Nicotiana alata 'Dinamo'.
Mean values followed by the same letter are not significantly different according to Duncan's multiple range test (P < 0.05). FS100: 100% fallow soil; BP30-AP60-P10: 30% biolan peat + 60% acid peat + 10% perlite; BP60-AP30-P10: 60% biolan peat + 30% acid peat + 10% perlite; and BP33-C33-P33: 33% biolan peat + 33% leaf compost + 33% perlite. Table 5 . Effect of growth substrate on number of flowers per plant and leaf area/flowers ratio of Petunia grandiflora 'Bravo' and Nicotiana alata 'Dinamo'.
Mean values followed by the same letter are not significantly different according to Duncan's multiple range test (P < 0.05). FS100: 100% fallow soil; BP30-AP60-P10: 30% biolan peat + 60% acid peat + 10% perlite; BP60-AP30-P10: 60% biolan peat + 30% acid peat + 10% perlite; and BP33-C33-P33: 33% biolan peat + 33% leaf compost + 33% perlite.
Growth substrates
Number of flowers per plant
Leaf area/ flowers ratio area/flowers ratio was produced by plants of N. alata growing in BP60-AP30-P10 media. The FS100, BP60-AP30-P10, and BP33-C33-P33 media had a significant effect on the leaf area/flowers ratio of N. alata 'Dinamo' (Table 5) .
DISCUSSION
Studies regarding soilless substrates have been performed on many important floricultural plants such as petunias (Arancon et al., 2008) , begonias, tagetes (Grigatti et al., 2007) , impatiens (Chavez et al., 2008) , roses (Nazari et al., 2009) , poinsettias (Papafotiou et al., 2004) , gladioli (Ahmad et al., 2013) and antirrhinums (Mehmood et al., 2013) . Growth substrates influenced the photosynthetic capacity, leaf area, and flowering potential, which play an important role in growth and development processes of plants. A very important aspect in the production of potted ornamental plants is the controlled and induced vegetative and floral growth by horticultural practices. Many studies on the use of organic or inorganic components for enhanced growth in soilless cultures have been reported by researchers (Ribeiro et al., 2007; Zaller, 2007; Arancon et al., 2008; Bustamante et al., 2008; Bachman and Metzger, 2008; Medina et al., 2009; Hernández et al., 2010; Ntoulas et al., 2011) . Arancon et al. (2008) reported that petunia seeds germinated faster in growth substrates with larger amounts of vermicomposts. Petunias grown in substitutions of 20%, 30%, and 40% of food waste vermicomposts into a soilless growth medium, in substitutions of 20%, 30%, and 40% cattle manure vermicompost or in a mixture of 40% paper waste vermicompost and 60% commercial soilless growth medium produced significantly more flowers (Arancon et al., 2008) . Grigatti et al. (2007) (Chavez et al., 2008) . Medina et al. (2009) showed the possibility of using spent mushroom substrates in the production of horticultural seedlings replacing part of the peat in the growing media. Papafotiou et al. (2005) reported the behavior of Syngonium podophyllum, Codiaeum variegatum and Ficus benjamina on media containing olive-mill waste compost, sphagnum peat, and perlite in different formulas and suggested that olive-mill waste compost can replace 25% of peat in a potting media for S. podophyllum and 75% of peat in C. variegatum and F. benjamina. Benito et al. (2006) evaluated the use of pruning wastes compost for ornamental plants production of Lolium perenne L. and Cupressus sempervirens L. by preparing six growth substrates containing pruning wastes compost, peat, ground leaves, sand, and spent mushroom compost in different proportions and concluded that the pruning wastes compost could be used as a growing media component. The addition of 10% and 20% vermicompost of pig manure origin into a commercial potting substrate had positive effects in dry shoot tissue and leaf area of marigolds, tomatoes, green peppers, and cornflowers (Bachman and Metzger, 2008) .
Four different formula substrates with compost obtained from forestry wastes and solid phase of pig slurry and peat were tested to evaluate the capacity of plant growth media for the production of tomato and lettuce seedlings. The presence of compost contributed to earlier seed emergence; the greatest root dry weight and number of leaves occurred on media with 100% compost obtained from forestry wastes and solid phase of pig slurry substrate (Ribeiro et al., 2007) .
CONCLUSIONS
The growth substrates used in this study influenced physiological parameters, vegetative and flowering phenological stages, flowering precocity and ornamental value. In this research we found a positive correlation between the number of flowers and the leaf area. The parameters studied were significantly influenced by the type of growing components and the proportion in the mixture. Petunia and ornamental tobacco plants grown in media with 60% biolan peat, 30% acid peat and 10% perlite seem to be high-value ornamental plants, while the value of the plants cultured in media containing fallow soil is too low to be profitable. 
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